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SIMULATION METHOD AND APPARATUS
FOR SEMICONDUCTOR INTEGRATED
CIRCUIT

This application 1s a continuation, of application Ser. No.
08/408.,296, filed Mar. 22, 1995; now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a simulation method and appa-
ratus for a semiconductor integrated circuit, and more par-
tficularly to a simulation method and apparatus which can
simulate simultaneous operation characteristics of a semi-
conductor integrated circuit having a plurality of circuit
blocks blocked for individual function units operate
simultaneously, and make a determination of the simulation.

2. Description of the Related Art

Conventionally, in ordinary simulation for a semiconduc-
tor integrated circuit (IC), a net list which is connection
information of an object circuit for designing such as a logic
circuit blocked for each function unit and a test pattern
which 1s testing information are inputted, and an output of
a result of the stmulation of the object circuit for designing
and a designed expected value are compared with each other
to determine whether or not the operation of the object
circuit for designing 1s appropriate. Further, a delay value, a
current consumption and so forth of the object circuit for
designing are calculated using a library in which character-
istic data of the object circuit for designing are stored to
determine whether or not the specifications of the circuit are
appropriate.

Further, as disclosed in Japanese Patent Laid-Open Appli-
cation No. Heise1 2-280278, 1n stmulation for an analog LSI
(large scale integrated circuit), an object circuit for design-
ing 1s divided 1nto an already designed circuit portion and a
newly designed circuit portion, and the already designed
circuit portion 1s analyzed making use of characteristic data
stored 1n a library while only the newly designed circuit
portion 1s newly analyzed by execution of simulation to
determine whether or not the specifications of the object
circuit for designing are appropriate.

The conventional simulation apparatus for a semiconduc-
tor integrated circuit will be described with reference to FIG.
7. The conventional stmulation apparatus includes an 1nput-
ting section 1 for inputting a net list of a circuit block which
1s an object unit internal circuit for designing blocked for
cach predetermined function unit and a test pattern, a
simulation section 2 for executing simulation, a determina-
fion section 3 for determining a result of simulation, an
outputting section 4 for outputting a result of determination
of stimulation, and a library 5 in which delay times and other
electric characteristic data of the circuit blocks are stored.

Subsequently, a conventional simulation method executed
by the stimulation apparatus of FIG. 7 will be described with
reference to a flow chart of FIG. 8. If it 1s assumed that an
object semiconductor integrated circuit for designing
mncludes n circuit blocks, a net list of a first circuit block of
the semiconductor mtegrated circuit and a test pattern will
first be inputted to the inputting section 1 (steps P1 and P2).
In response to the inputted net list and test pattern, the
simulation section 2 executes predetermined simulation of a
logic operation, a delay, a power consumption and so forth
for the first circuit block using the data stored in the library
S (step P3). Then, the determination section 3 compares a
result of the simulation with a designed value of the first
circuit block to determine whether or not the result of the
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simulation satisfies the specification, and outputs a result of
the determination by way of the outputting section 4 (steps
P4 and PS). Then at the next step P6, it is determined
whether or not simulation has completed for all of the n
circuit blocks, and here, since simulation has not completed
for all of the n circuit blocks, the control sequence returns to
step P1 to repeat the operations at steps P1 to P6 1n a similar
manner for the second circuit block and then for the third to
n-th circuit blocks. When it 1s determined at step P6 that
simulation has completed for the n-th circuit block, the
processing 1s ended.

In the conventional simulation method and apparatus,
however, since simulation 1s executed merely for each of
circuit blocks consfituting a semiconductor integrated
circuit, a satistactory result 1s not obtained 1n regard to an
analysis for the case wherein a plurality of circuit blocks
operate simultaneously. In other words, since simulation 1s
conventionally executed for each of circuit blocks consti-
tuting a semiconductor integrated circuit, the conventional
simulation method and apparatus 1gnores an influence of
mutual intervention of the circuit blocks which 1s caused by
impedances of power supply lines of the semiconductor
integrated circuit including leads for external connection and
bonding wires for internal connection, particularly induc-
tance components which may cause a malfunction upon
simultaneous operation of a plurality of circuit blocks of an
actual semiconductor integrated circuit manufactured as a
product. Consequently, with the conventional simulation
method and apparatus, 1t 1s 1mpossible to evaluate noise of
counter-clectromotive forces produced by electric currents
flowing through the inductance components.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
simulation method and apparatus for a semiconductor inte-
orated circuit which can perform, 1 addition to a stmulation
of 1ndividual operation characteristics of a plurality of
circuit blocks of a semiconductor integrated circuit, simu-
lation of simultancous operation characteristics when a
plurality of circuit blocks operate simultancously and con-
sequently allows evaluation of counter-electromotive forces
or the like which may cause a malfunction due to mutual
intervention of the circuit blocks after the semiconductor
integrated circuit 1s manufactured as a product.

In order to attain the object described above, according to
an aspect of the present invention, there 1s provided a
simulation method for a semiconductor integrated circuit
which includes a plurality of circuit blocks blocked for
individual function units, comprising the steps of executing
simulation of an operation characteristic for each of the
circuit blocks, determining a result of the stmulation, execut-
ing simulation of stmultaneous operation characteristics of a
plurality of ones of the circuit blocks which operate simul-
taneously using data of mutual intervention stored in
advance 1n a library, and determining a result of the simu-
lation.

According to another aspect of the present invention,
there 1s provided a simulation apparatus for a semiconductor
integrated circuit which includes a plurality of circuit blocks
blocked for individual function units, comprising first simu-
lation means for executing simulation of an operation char-
acteristic for each of the circuit blocks, first determination
means for determining a result of the simulation of the first
simulation means, a library 1n which data regarding mutual
intervention which occurs when a plurality of ones of the
circuit blocks operate simultaneously are stored, second
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simulation means for executing simulation of simultaneous
operation characteristics using the data of mutual interven-
fion stored 1n the library, and second determination means
for determining a result of the simulation of the second
simulation means.

The stmulation method and the simulation apparatus may
be constructed such that the number of those of the circuit
blocks which exhibit a simultaneous operation condition
within a given period 1s counted and the simulation of
simultaneous operation characteristics 1s executed only for
the counted number of circuit blocks.

Alternatively, the stmulation method and the simulation
apparatus may be constructed such that the data of mutual
intervention stored in the library include a current variation
rate and a peak current value of each of those of the circuit
blocks which exhibit a simultaneous operation condition
when the circuit block operates individually and an 1imped-
ance of a power supply line for each of the circuit blocks
calculated from an equivalent circuit of power supply lines
of the semiconductor integrated circuit, and the simulation
of simultaneous operation characteristics 1s based on calcu-
lation of a sum total of counter-electromotive forces of the
circuit blocks calculated from the current variation rates and
peak values of the individual circuit blocks and the 1mped-
ances whereas the determination of the result of the simu-
lation 1s based on comparison of the sum total with a
predetermined allowable value.

The above and other objects, features and advantages of
the present mvention will become apparent from the fol-
lowing description and the appended claims, taken 1n con-
junction with the accompanying drawings in which like
parts or elements are denoted by like reference characters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a simulation apparatus
showing a preferred embodiment of the present invention;

FIG. 2 1s a flow chart illustrating exemplary simulation
operation of the simulation apparatus shown in FIG. 1;

FIG. 3 1s a block diagram showing an exemplary con-
struction of an object semiconductor integrated circuit for
designing;

FIGS. 4(A) and 4(B) are waveform diagrams showing
exemplary waveforms of a discharge current and a charging
current, respectively, of a logic circuit 1n the semiconductor
integrated circuit shown 1n FIG. 3;

FIG. 5 1s an equivalent circuit diagram schematically
illustrating impedance data of power supply lines to the
logic circuit shown 1n FIG. 3;

FIG. 6 1s a time chart 1llustrating a delaying operation of
the logic circuit shown in FIG. 3;

FIG. 7 1s a block diagram showing a conventional simu-
lation apparatus for a semiconductor integrated circuit; and

FIG. 8 1s a flow chart 1llustrating stmulation operation of
the conventional simulation apparatus shown 1n FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring first to FIG. 1, there 1s shown 1n block diagram
a simulation apparatus according to a preferred embodiment
of the present invention. The simulation apparatus includes
an 1nputting section 1, a first stmulation section 2, a first
determination section 3, a {irst outputting section 4 and a
first library § which are all similar to those of the conven-
tional simulation apparatus described hereinabove with ret-
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erence to FIG. 7. The simulation apparatus further includes
a second simulation section 6 for simulating simultaneous
operation characteristics of a plurality of circuit blocks, a
second determination section 7 for determining a result of
simulation by the second simulation section 6, a second
outputting section 8 for outputting a result of determination
of the second determination section 7, and a second library
9 which stores current waveform characteristic data such as

current variation rates and peak values of current waveforms
of circuit blocks which operate simultaneously and mutual
intervention data such as impedance data including induc-
tances of leads for power supply lines, bonding wires and so
forth of an object semiconductor integrated circuit for
designing.

FIG. 3 shows an exemplary construction of an object
semiconductor integrated circuit 10 for simulation. The
semiconductor integrated circuit 10 includes, as circuit
blocks, four logic circuits 11, 12, 13 and 14 each provided
with an output buffer. Reference character TV denotes a
power source terminal common to the logic circuits 11 to 14,
TG a ground terminal, and reference character 01 to 04
denote output terminals of the logic circuits 11 to 14,
respectively.

FIGS. 4(A) and 4(B) show waveforms of a discharge
current and a charging current, respectively, of the logic
circuits 11 to 14 as an example of current waveform char-
acteristic data stored 1n the second library 9. Each of the data
of the discharge current and the charging current includes

data regarding a current peak value Ip and a current variation
rate 0=AI/AT.

FIG. 5 1s an equivalent circuit diagram schematically
illustrating impedance data stored in the second library 9.
The impedance data include four inductances L1 to L4 and
four resistors R1 to R4 obtained by distributing the induc-
tance and the resistance of common power supply lines from
the power source terminal TV and the ground terminal TG
to nodes of the logic circuits 11 to 14 by a calculation
method well known 1n the art and adding peculiar 1nduc-
tance components and resistance components of the indi-
vidual logic circuits 11 to 14 to the thus distributed resis-
tance values and inductance values, respectively.

Subsequently, a simulation method executed by the simu-
lation apparatus of FIG. 1 described above will be described
with reference to the flow chart of FIG. 2. At steps P1 to P6,
the simulation apparatus operates in a similar manner as in
the conventional simulation apparatus described herein-
above with reference to FIG. 8. In particular, a net list of a
first circuit block, that 1s, the logic circuit 11, and a test
pattern will first be inputted to the inputting section 1 (steps
P1 and P2). In response to the inputted net list and test
pattern, the first stmulation section 2 executes predetermined
simulation of a logic operation, a delay, a power consump-
tion and so forth for the logic circuit 11 using data stored in
the first library S (step P3). The delay from a preset time TO
of the output signal of the logic circuit 11 obtained by the
simulation 1s represented by D1 as seen from FIG. 6. Then,
the first determination section 3 compares a result of the
simulation with a designed value for the logic circuit 11 to
determine whether or not the result of the simulation satis-
fies the specification (step P4), and outputs a result of the
determination by way of the first outputting section 4 (step
P5). Then at next step P6, it is determined whether or not
simulation has completed for all of the logic circuits, and
when 1t 1s determined that stmulation has not completed for
all of the logic circuits, the control sequence returns to step
P1. Consequently, the operations at steps P1 to P6 are
repeated 1n a similar manner for the remaining logic circuits
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12 to 14 to obtain delays D2 to D4 of the logic circuits 12
to 14, respectively

Thereafter, the delays D1 to D4 are supplied to the second
simulation section 6, by which simulation of simultaneous
operation characteristics of the semiconductor integrated
circuit 10 1s subsequently executed 1n the following manner
at steps S1 to S7.

First, the second simulation section 6 counts a number N
of those of the logic circuits 11 to 14, which operate
simultaneously, in accordance with the delays D1 to D4
supplied thereto (step S1). In this instance, the simultaneous
operation number N 1s defined as the number of logic
circuits whose delay falls within a period t1 from the time TO
to another preset time T1. In the example shown 1n FIG. 6,
since the delays D1, D2 and D3 of the three logic circuits 11,
12 and 13 fall in the period t1, the simultaneous operation
number N 1s “3”. Subsequently, the discharge and charging
waveform data mncluding the current peak values Ipl, Ip2
and Ip3 and the current variation rates 61, 02 and 63 of three
signals Al to A3 corresponding to the delays D1, D2 and D3,
respectively, are recalled from the second library 9 to
calculate respective maximum current variation rates
0lmax, 82max and d3max (step S2). Then, the impedance
data (inductances and resistances) regarding the logic cir-
cuits 11 12 and 13 are recalled from the second library 9, and
using the maximum current variation rates olmax, 02max
and 03max and the current peak values Ipl, Ip2 and Ip3
calculated at step S2, a total counter-electromotive force
Gmax which is a sum total of counter-electromotive forces
produced by the simultaneous operations 1s calculated in
accordance with the following equation:

3
Gmax = Z (— LiSimax + RilP})
=1

Then, a result of the calculation 1s supplied to the second
determination section 7 (step S3).
Thereafter; the second determination section 7 determines

whether or not the total counter-electromotive force Gmax1s
equal to or lower than an allowable value M (step S4). Then,
a result of the determination 1s outputted by way of the
second outputting section 8, thereby completing the pro-
cessing (step S5).

Having now fully described the invention, 1t will be
apparent to one of ordinary skill 1n the art that many changes
and modifications can be made thereto without departing
from the spirit and scope of the invention as set forth herein.

What 1s claimed 1s:
1. A simulation method for a semiconductor integrated

circuit which includes a plurality of circuit blocks blocked
for individual function units, comprising the steps of:

inputting a net list and a test pattern, wherein the net list
includes connection information on each of said circuit

blocks;

executing a first individual simulation for each of said
circuit blocks using first data, the net list, and the test
pattern to obtain {first operation characteristic data
including delays for each of the circuit blocks, wherein
the first data corresponds to functions, stored in a first
library, of each of the circuit blocks;

determining whether the first operation characteristic data
are acceptable;
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6

selecting those of said circuit blocks whose delays
obtained by the first individual simulation are included
In a given period;

executing a second simultancous simulation of the
selected circuit blocks using data of mutual interven-
tion stored 1n a second library to obtain second opera-
tion characteristic data produced by the simultaneous
simulation, and

determining whether the second operation characteristic
data are acceptable.
2. A simulation method for a semiconductor integrated

circuit as claimed in claim 1, wherein the data of mutual
intervention include:

a current variation rates;

a peak current value of each of those circuit blocks which
exhibit a stmultaneous simulation condition when the
circuit block operates individually; and

an 1mpedance of a power supply line for each of the
circuit blocks calculated from an equivalent circuit of
power supply lines of said semiconductor integrated
circuit, and

wherein the second simultaneous simulation further
includes the step of calculating a sum total of circuit
block counter-electromotive forces from the current
variation rates, peak current values, and the
impedances, and

wherein the determination of whether the second opera-
tion characteristic data are acceptable further includes
the step of comparing the sum total with a predeter-
mined allowable value to obtain a result.

3. A simulation apparatus for a semiconductor integrated
circuit which mcludes a plurality of circuit blocks blocked
for individual function units, comprising:

inputting means for inputting a net list, and a test pattern,
wherein the net list includes connection information for
each of said circuit blocks;

a first library 1n which first data corresponding to func-
tions of each of the circuit blocks are stored;

first stmulation means for executing a first simulation for
cach of said circuit blocks using the first data, the net
list, and the test patterns, to obtain first operation
characteristic data including delays for each of the
circult blocks;

first determination means for determining whether the
first operation characteristic data are acceptable;

a second library in which data are stored regarding mutual
intervention which occurs when a plurality of said
circuit blocks operate simultaneously;

selecting means for selecting those of said circuit blocks
whose delays obtained by the first simulation means are
included 1 a given period;

second simulation means for executing a second simul-
taneous simulation of the selected circuit blocks using,
the data stored in said second library to obtain second
operation characteristic data produced by the simulta-
neous simulation; and

second determination means for determining whether the
second operation characteristic data are acceptable.
4. A simulation apparatus for a semiconductor mtegrated

circuit as claimed in claim 3, wherein the data regarding
mutual intervention further includes:

a current variation rates;

a peak current value of each of those circuit blocks which
exhibit a simultaneous operation condition when the
circuit block operates individually; and
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an 1mpedance of a power supply line for each of the wherein said second determination means compares the
circuit blocks calculated from an equivalent circuit of sum total with a predetermined allowable value to
power supply lines of said semiconductor integrated obtain a result.
circuit, and 5. A simulation method for a semiconductor integrated
wherein said second simulation means further calculates 5 circuit as claimed in claim 1, wherein the first individual
a sum total of counter-electromotive forces of the simulation 1s separately performed 1ndividually for each of
circuit blocks calculated from the current variation said circuit blocks.

rates, peak values of the individual circuit blocks, and
the 1mpedances, £ % % k%
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